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SPECIFICATION /l^ 

1. Title 

Platinum Alloy Catalyst and Its Production Process 

2. Claims 

(1) A platinum alloy catalyst comprising a carbon support and (i) 
platinum, (ii) manganese, and (iii) at least one of nickel and cobalt 
that are supported on the carbon support. 

(2) The platinum alloy catalyst stated in Claim 1, wherein 40 to 
90 atomic percent platinum, 30 to 5 atomic percent manganese, and 30 
to 5 atomic percent of at least one of nickel and cobalt are supported 
on the carbon support. 

(3) A process for preparing a platinum alloy catalyst, said 
process comprising immersing a carbon support in a solution of 
platinum-containing ions, depositing platinum on the carbon support by 
reducing the platinum-containing ions with the use of a reducing agent, 
applying a solution of an organic acid amine salt of each of the 
following metals, manganese and at least one of nickel and cobalt, to 
the carbon support, and alloying these metals with the platinum on the 
carbon support. 

(4) The production process stated in Claim 3, wherein the organic 
acid amine salt is amine formate and/or amine acetate. 

(5) The production process stated in Claim 3 or 4, wherein the 
reducing agent is a thiosulfate and/or a metabisulf ite . 

Numbers in the margin indicate pagination in the foreign text. 
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3. Detailed Description of the Invention 
[Field of Industrial Application] 

The present invention relates to catalysts that support platinum, 
manganese, and other metals on a carbon support, especially to 
platinum alloy catalysts used as electrode catalysts for fuel cells, 
and it also relates to the production process thereof. 

[Related Art and Problems Thereof] 

Catalysts comprising a carbon support and various kinds of 
catalytic metals--mainly platinum--that are supported thereon have 
heretofore been employed as catalysts for various chemical reactions 
and for the electrodes of fuel cells. Numerous other catalysts in 
which other metals, such as nickel and chromium, are added to platinum 
for the purpose of improving catalytic performance are also known. 

However, even the activity of these platinum-containing catalysts 
as catalysts for various types of reactions is not quite satisfactory, 
and there is a need for catalysts having higher activity, better yet, 
additionally having a longer use life. 

The present inventors have proposed a platinum-containing [2_ 
catalyst having a long use life and also relatively high catalytic 
activity in which the catalytic metals supported on the carbon support 
have been carbonized ( JP-A-H01-210035) . Since, in said platinum 
catalyst, the supported catalytic metals are adsorbed firmly onto the 
support as a result of the carbonization, even when the catalyst is 
used in a high temperature reaction, it is highly unlikely that the 
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bonding between the catalytic metal particles and the support becomes 
weak, causing said particles to migrate and aggregate with other 
particles, which leads to the reduction of the surface area, in other 
words, the reduction of the activity. As a consequence, this catalyst 
has an advantage in that it can maintain relatively high catalytic 
activity for a long period of time. 

Although this catalyst has a long-enough use life, its effective 
surface area that serves as a catalyst is inevitably decreased because 
each catalytic metal is carbonized and, as a result, partially covered 
with carbon, and preventing said decrease requires the excessive use 
of an expensive metal, such as platinum or the like; consequently, 
this catalyst is not necessarily satisfactory from the standpoint of 
activity per unit cost. Attempts have been made heretofore to improve 
catalytic activity through the selection of metals to be supported and 
of the combination thereof, the attainment of a higher degree of 
dispersion of catalytic metals on the support so as to increase the 
activity per unit quantity of the supported metals, and so forth. 

[Objectives of the Present Invention] 

The present invention intends to provide platinum alloy catalysts 
having fully satisfactory catalytic activity by selecting a novel 
catalytic metal combination that has not existed heretofore and also 
to provide the production process thereof. 

[Means for Solving the Problems] 
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A first aspect of the present invention is a platinum alloy 
catalyst comprising a carbon support and (i) platinum, (ii) manganese, 
and (iii) at least one of nickel and cobalt that are supported on the 
carbon support, and the second aspect thereof is a process for 
preparing a platinum alloy catalyst, said process comprising immersing 
a carbon support in a solution of platinum-containing ions, depositing 
platinum on the carbon support by reducing the platinum-containing 
ions with the use of a reducing agent, applying a solution of an 
organic acid amine salt of each of the following metals, manganese and 
at least one of nickel and cobalt, to the carbon support, and alloying 
these metals with the platinum on the carbon support. 

The following will explain the present invention in detail. 

The most distinct feature of the present invention is the 
addition of manganese to a catalytic metal, such as platinum or the 
like, so as to improve the specific activity of the catalyst. 

By adding a second metal to a conventional platinum catalyst that 
supports platinum alone and alloying the metals, the activity of the 
aforesaid platinum catalyst can be improved, and appropriate selection 
of the second metal to be added makes it possible to achieve a 
dramatic activity improvement. Moreover, the addition of a third metal 
often leads to a further improvement of the activity. As this added 
metal, manganese has not been heretofore regarded as important, but 
the present inventors found that the addition of manganese to a carbon 
support that supports platinum and at least one of nickel and cobalt 
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further improves the activity, thereby making it possible to provide a 
platinum alloy catalyst having unprecedented high activity. Based on 
this finding, the present invention was achieved. 

In the present invention, carbon is used as the catalyst support. 
The term "carbon" herein is the collective designation for simple 
substances, such as carbon black, graphite, active carbon, an the like, 
that have carbon as the main component and also have any form. 
Preferably, the carbon support is porous and possesses a large surface 
area — for instance, about 30 to 2000 m 2 /g--and a particle size of 100 
to 5000 A or thereabouts. Acetylene black (trade name: Shawinigan 
Acetylene Black, Denka Black, and the like) , electroconductive carbon 
black (trade name: Vulcan XC-72 and the like), and graphitized carbon 
black, for example, may be employed. It is conjectured that, because 
the support in the present invention is carbon, each catalytic metal's 
support-facing part, which does not take part in the catalytic 
reaction, interacts with the carbon support and, as a result, is 
subjected to an action similar to carbonization in the high 
temperature atmosphere of the later-described alloying process, 
thereby bonding strongly with the aforesaid carbon support and 
consequently yielding the effect of inhibiting aggregation. 

According to the process of this invention, first of all, 
platinum metal is supported on the aforesaid carbon support. As the 
method for supporting the platinum metal, a conventional method that 
impregnates the aforesaid carbon support with a solution of platinum- 
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containing ions--for example, an aqueous solution of chloroplatinic 
acid--and reduces the platinum-containing ions, thereby depositing 
platinum metal onto the carbon support, can be employed as is. If, 
however, a strong reducing agent is used in said reduction reaction, 
the size of the generated platinum particles increases, and the /_3 
surface area of the particles per unit weight considerably decreases. 
For this reason, it is preferable to use a weak reducing agent, such 
as thiosulfate or sodium salt thereof (Na 2 S 2 03 . 5H 2 0) so as to suppress 
the decrease of the platinum surface area. Said thiosulfate or its 
sodium salt reacts with chloroplatinic ions, that is, the aforesaid 
platinum-containing ions, in the aqueous solution and forms a finely 
divided metal sol having a large surface area. 

In the reaction that employs sodium thiosulfate, a very finely 
divided sulfur sol that is formed by decomposition of a sulfur 
compound, which is known to occur in an acidic solution, is believed 
to be generated according to the following formula: 
S 2 " + 2H + -» H2S2O3 - S + H2SO3. 

The sulfur particles thus formed serve as nuclei for growing very 
finely divided metal catalyst particles. Accordingly, it is preferable 
to slowly add, that is, to add drop by drop, the initial several 
milliliters of the sodium thiosulfate solution and then to add the 
rest of the solution all at once so as to ensure the formation of the 
nuclei for growing use. 
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As the reaction progresses, the solution turns from yellow to 
orange, and, as the fine metal crystals grow over the course of 
several hours, the color of the solution gradually becomes darker. The 
light passing through the solution exhibits the Tyndall effect, which 
indicates the presence of colloidal particles. 

This sol is adsorbed onto the carbon support and then subjected 
to appropriate procedures, such as drying and the like, thereby 
obtaining a carbon support on which is supported platinum. 

More specifically, when the aforesaid solution becomes nearly 
opaque, the aforesaid carbon support is added thereto, and the slurry 
thus formed is agitated with, for example, an ultrasonic agitator so 
as to cause the liquid phase to penetrate into the pores of the 
aforesaid carbon support. A thicker slurry is formed by this procedure, 
which remains suspended and seldom precipitates. Drying this slurry at, 
for example, 75 to 80 °C for 1 to 3 days and thereby removing water 
yields a dry powder containing a salt of a reaction by-product. The 
by-product can be dissolved and eliminated by extracting the dried 
catalyst several times with, for instance, 100 to 200 mL distilled 
water. In the case in which the support is graphitized carbon black, 
the aforesaid slurry precipitates; therefore, the catalyst can be 
separated from the aqueous phase by discarding the aqueous phase. 
After this procedure is repeated several times, the catalyst is dried 
overnight at about 110 °C. 
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The catalyst thus prepared has a large surface area. Reacting, 
for example, a chloroplatinic acid aqueous solution having a 
concentration of about 1 g/100 mL with a sodium thiosulfate 
(pentahydrate) aqueous solution having a concentration of about 3 g/75 
mL according to this process yields a catalyst that supports platinum 
having a uniform particle size and a specific surface area of 
approximately 148 m 2 /g. 

In place of the above procedures, a slurring-f iltration-washing 
process can be utilized. This process is applicable to catalysts that 
do not precipitate readily, as is the case with acetylene black. 

It is believed that, because the thermodynamic driving force of 
the reaction between the chloroplatinic acid ions and the thiosulfate 
ions is smaller than that of the conventional art and, consequently, 
fine crystal particles with fewer defects are produced, the catalyst 
particles produced in this process are more resistant against the 
grain growth that causes the surface area of platinum to decrease as 
the use time increases. Fine particles having a uniform particle size 
of 20 A or smaller can be obtained by the aforesaid reaction of 
thiosulfate and chloroplatinic acid. 

In addition to the aforesaid sodium thiosulfate, the relatively 
weak reducing agent that can be used in the present invention includes 
sodium metabisulf ite (Na 2 S 2 0 5 ) and the like. 

Up to this point, the process that impregnates the carbon support 
used in the present invention with a platinum-containing solution and 
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subsequently reduces platinum-containing ions has been described in 
detail, but the platinum alloy catalyst pertaining to the present 
invention may be a catalyst that is produced instead by reducing the 
platinum-containing ions prior to the impregnation, and this process 
also yields catalyst particles having high dispersibility . 

Next, metals other than platinum, that is, manganese and at least 
one of cobalt and nickel, are supported on the platinum-supporting 
carbon support, and the platinum and the other metals are alloyed by 
heating, but, because conducting this alloying at high temperature 
causes the resulting alloy to aggregate and have a reduced surface 
area, it is not desirable to employ an ordinary alloying method here. 
For this reason, according to the process of the present invention, 
ammonium hydroxide is initially added to a warm aqueous solution of 
organic acid salts--pref erably formates or acetates--of metals to be 
added to the platinum, that is, manganese, cobalt, and/or nickel, 
thereby converting the acid salts into the corresponding metal salts 
of the organic acid amine--pref erably the metal salts of amine formate 
or amine acetate. 

When an ordinary metal salt (for example, nitrate or the like) is 
heat-treated, a heat-resistant oxide is formed, and it requires high- 
temperature reduction for alloying it with platinum; as a result, 
before the platinum is alloyed, crystal growth (decrease of the 
surface area) occurs. On the other hand, by the process of this 
invention, the aforesaid metal salts can be reduced easily at a 
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relatively low temperature, thus making it possible to conduct the 
alloying with a minimum decrease of the surface area. 

After, if necessary, impure metals in the metal salts are removed 
by extraction and the metal salts are dried, the metal salts are 
reduced in hydrogen at, for example, 250 °C for 30 minutes, after 
which the temperature is raised to a higher temperature, for example, 
to 700 °C, at which temperature the reduced metals are alloyed. 

In the case of preparing a ternary catalyst containing platinum, 
the guantities of the organic acid amine metal salts are so adjusted 
that the resulting catalyst contains 90 to 40 atomic percent platinum 
and 5 to 30 atomic percent each of the second and third metals--most 
desirably, 50 atomic percent platinum and 25 atomic percent each of 
the second and third metals. 

In the case of preparing a guaternary catalyst containing 
platinum, the guantities of the organic acid amine metal salts are so 
adjusted that the resulting catalyst contains 85 to 25 atomic percent 
platinum and 5 to 25 atomic percent each of the second, third, and 
fourth metals--most desirably, 50 atomic percent platinum, 21 atomic 
percent each of the second and third metals, and 8 atomic percent of 
the fourth metal. 

The platinum alloy catalyst pertaining to the present invention 
may be prepared not only by supporting platinum before supporting the 
other metals, as in the aforesaid production process, but, instead, by 
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supporting platinum after supporting the other metals and subseguently 
by alloying them. 

[Working Examples] 

The following will describe working examples of the present 
invention, but these working examples are not intended to limit the 
scope of the present invention. 

Working Example 1 

Chloroplatinic acid containing 1.12 g platinum was dissolved in 
300 ml water contained in an approximately 0.5 L-capacity vessel. To 
said solution was added 10 mL out of 75 mL of a solution in which was 
dissolved 3 g Na 2 S 2 03.5H 2 0 drop by drop over the course of 3 minutes, 
and the remaining 65 ml was added all at once, after which the 
solution was stirred at 27 °C. With the passage of time, the mixture 
solution turned from yellow to orange and then to dark orange. 

After the passage of about 3 hours, the room was darkened, and, 
when the light of an electric bulb was applied to the vessel, 
scattering of the light was observed. Meanwhile, 10 g acetylene black, 
which would serve as the catalyst support, was suspended in 100 mL 
pure water to prepare a well suspended slurry, which was then added to 
the above mixture solution. This was stirred for 2 minutes with an 
ultrasonic agitator so as to cause the mixture solution to penetrate 
into the pores of the support. During this stirring operation, the 
slurry remained suspended and did not precipitate. 
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The slurry was dried in an oven at 75 to 80 °C overnight, thereby 
eliminating water. The dry powder thus obtained was washed three times 
with approximately 200 mL distilled water, thereby extracting and 
eliminating by-products. This slurry was further dried overnight at 70 
°C, thereby obtaining a platinum-supporting carbon support. 

The average particle size of the platinum of the platinum-carbon 
support catalyst thus obtained was 18 A, as measured by X-ray 
diffraction, and the platinum particles were found to have a nearly 
uniform particle size as a result of the observation with a 
transmission electron microscope. The specific surface area was 155 
m 2 /g, and the amount of the supported platinum was 10 percent by 
weight, as measured by an electrochemical H 2 adsorption/desorption 
method. 

To a mixed solution of 50 mL (0.77 mmol) of a manganese acetate 
aqueous solution and of 50 mL (0.77 mmol) of a cobalt acetate aqueous 
solution was added an ammonium hydroxide aqueous solution until the pH 
of the solution reached 10, and the solution was stirred for 5 minutes. 
Next, to the mixed aqueous solution of a manganese salt of amine 
acetate and a cobalt salt of amine acetate was added 3 g of the 
aforesaid carbon support catalyst, which supported platinum alone, and 
the solution was stirred for 10 minutes. 

Thereafter, the slurry was dried, and the manganese salt and the 
cobalt salt were reduced to manganese and cobalt by reducing the 
slurry in a hydrogen flow, after which the temperature of the 
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atmosphere of the catalyst was raised to 900 °C so as to alloy the 
aforesaid platinum, manganese, and cobalt. 

Approximately 3.1 g of a platinum-manganese-cobalt alloy catalyst 
was obtained. The supported quantities of the platinum, manganese, and 
cobalt in said catalyst were measured and found to be 0.1 g/g-catalyst , 
0.014 g/g-catalyst, and 0.014 0.014 [sic] g/g-catalyst (platinum: 50 
atomic percent, manganese: 25 atomic percent, and cobalt: 25 atomic A5 
percent) , respectively. 

The particle size of the alloy particles of the platinum- 
manganese-cobalt alloy catalyst thus obtained was measured and found 
to be 34 A. 

This platinum-manganese-cobalt alloy catalyst was incorporated 
into a half cell in a quantity of 0.5 mg platinum/cm 2 as the cathode 
of a hot phosphoric acid fuel cell, and its activity was measured 
under 1 atm at 190 °C and 900 mV at the oxygen electrode and found to 
be 52 mA/mg-Pt. 

Working Example 2 

A platinum-manganese-nickel alloy catalyst was prepared under the 
same conditions as those in Working Example 1, except that, in place 
of the mixed aqueous solution of manganese acetate and cobalt acetate 
used in Working Example 1, a mixed aqueous solution of 50 mL (0.77 
mmol) of a manganese acetate aqueous solution and of 50 mL (0.77 mmol) 
of a nickel formate aqueous solution was used to prepare a mixed 
aqueous solution of a manganese salt of amine acetate and a nickel 
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salt of amine formate. The alloy particle size of this catalyst was 34 
A. 

The supported quantities of the platinum, manganese, and nickel 
in the catalyst were measured and found to be 0.1 g/g-catalyst , 0.014 
g/g-catalyst , and 0.014 g/g-catalyst (platinum: 50 atomic percent, 
manganese: 25 atomic percent, and nickel: 25 atomic percent). 

This catalyst, as in Working Example 1, was incorporated into a 
half cell in a quantity of 0.5 mg platinum/cm 2 as the cathode of a hot 
phosphoric acid fuel cell, and its activity was measured under 1 atm 
at 190 °C and 900 mV at the oxygen electrode and found to be 53 mA/mg- 
Pt . 

Working Example 3 

A platinum-nickel-cobalt-manganese alloy catalyst was prepared 
under the same conditions as those in Working Example 1, except that, 
in place of the mixed aqueous solution of manganese acetate and cobalt 
acetate of Working Example 1, a mixed aqueous solution of 35 mL (0.65 
mmol) of a nickel formate aqueous solution, 35 mL (0.65 mmol) of a 
cobalt acetate aqueous solution, and 35 mL (0.25 mmol) of a manganese 
acetate aqueous solution was used to prepare a mixture aqueous 
solution of a nickel salt of amine formate, a cobalt salt of amine 
acetate, and a manganese salt of amine acetate. As a result, 
approximately 3.1 g of said catalyst was obtained. The alloy particle 
size of this catalyst was 33 A. 



15 



The supported quantities of the platinum, nickel, cobalt, and 
manganese in the catalyst were measured and found to be 0.1 g/g- 
catalyst, 0.013 g/g-catalyst , 0.013 g/g-catalyst , and 0.005 g/g- 
catalyst (platinum: 50 atomic percent, nickel: 21 atomic percent, 
cobalt: 21 atomic percent, and manganese: 8 atomic percent), 
respectively. 

This catalyst, as in Working Example 1, was incorporated into a 
half cell in a quantity of 0.5 mg platinum/cm 2 as the cathode of a hot 
phosphoric acid fuel cell, and its activity was measured under 1 atm 
at 190 °C and 900 mV at the oxygen electrode and found to be 58 mA/mg- 
Pt . 

Working Example 4 

An alloy catalyst was prepared under the same conditions as those 
in Working Example 1, except that the molar quantities of the nickel 
formate, cobalt acetate, and manganese acetate in Working Example 3 
were changed to 0.69 mmol, 0.76 mmol, and 0.15 mmol, respectively. The 
alloy particle size of this catalyst was 35 A. 

The atomic percents of the metals of the obtained catalyst were 
50 atomic percent for the platinum, 22.5 atomic percent for the nickel, 
22.5 atomic percent for the cobalt, and 5 atomic percent for the 
manganese . 

This catalyst, as in Working Example 1, was incorporated into a 
half cell in a quantity of 0.5 mg platinum/cm 2 as the cathode of a hot 
phosphoric acid fuel cell, and its activity was measured under 1 atm 
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at 190 °C and 900 mV at the oxygen electrode and found to be 54 mA/mg- 
Pt . 

Comparative Example 1 

To 100 mL (1.74 mmol) of an aqueous solution of manganese acetate 
was added an ammonium hydroxide aqueous solution until the pH of the 
solution reached 10, and the solution was stirred for 5 minutes. Next, 
to the aqueous solution of a manganese salt of amine acetate was added 
3 g of the platinum-carbon support catalyst prepared in Working 
Example 1, and the solution was stirred for 10 minutes. 

Thereafter, the slurry thus obtained was dried at 65 °C by 
evaporation and reduced in a 10 percent hydrogen flow (the balance 
being nitrogen) at a rate of 1 liter/minute at 250 °C for 30 minutes, 
thereby reducing the manganese salt to manganese, after which the 
temperature of the atmosphere of the catalyst was raised to 900 °C, 
thereby alloying the platinum and the manganese (the average particle 
size of the alloy was 24 A) . 

Approximately 3.1 g of a platinum-manganese alloy catalyst was 
found to be obtained when it was taken out from the vessel. The 
supported quantities of the platinum and manganese in the platinum- 
manganese alloy catalyst were measured by a chemical analysis method 
and found to be 0.1 g/g-catalyst and 0.03 g/g-catalyst (platinum: 50 
atomic percent, manganese: 50 atomic percent), respectively. The alloy 
particle size of the catalyst was found to be 24 A. 

This platinum-manganese alloy catalyst and a dispersion liquid of 
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tetraf luoroethylene were kneaded so as to set the weight ratio of the 
platinum-manganese alloy catalyst and the tetraf luoroethylene to 6 : 4. 
This mixture was applied to a carbon sheet that had been subjected to 
a water repellent treatment, and the sheet was baked, thereby 
preparing an electrode having 0.5 mg/cm 2 platinum. This electrode, as 
in Working Example 1, was incorporated into a half cell in a quantity 
of 0.5 mg platinum/cm 2 as the cathode of a hot phosphoric acid fuel 
cell, and its activity was measured under 1 atm at 190 °C and 900 mV 
at the oxygen electrode and found to be 42 mA/mg-Pt. 
Comparative Examples 2 and 3 

In place of the manganese acetate aqueous solution and the cobalt 
acetate aqueous solution in Working Example 1, (i) a nickel formate 
aqueous solution (50 mL) and a ferrous acetate aqueous solution (50 
mL) (Comparative Example 2) or (ii) a ferrous acetate aqueous solution 

(50 mL) and a cobalt acetate aqueous solution (50 mL) (Comparative 
Example 3) were used, and two platinum alloy catalysts, each 
comprising platinum and two other kinds of metals, were prepared in a 
manner similar to Working Example 1. 

The proportions of the individual metals of the catalyst thus 
obtained were 50 atomic percent platinum, 25 atomic percent nickel, 
and 25 atomic percent iron (Comparative Example 2), and 50 atomic 
percent platinum, 25 atomic percent cobalt, and 25 atomic percent iron 

(Comparative Example 3) . Both catalysts thus obtained, as in Working 
Example 1, were incorporated into half cells at a rate of 0.5 mg 
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platinum/cm 2 as the cathode of hot phosphoric acid fuel cells, and 
their activities were measured under 1 atm at 190 °C and 900 mV at the 
oxygen electrode and found to be 48 mA/mg-Pt for the platinum-nickel- 
iron alloy catalyst prepared in Comparative Example 2 and 45 mA/mg-Pt 
for the platinum-cobalt-iron alloy catalyst prepared in Comparative 
Example 3. 

Comparative Examples 4 and 5 

A platinum-nickel-cobalt alloy catalyst was prepared in a manner 
similar to Comparative Example 2, and the activity was measured 
similarly to Comparative Example 2 and found to be 50 mA/mg-Pt. 
Furthermore, the activity of the platinum catalyst prepared in Working 
Example 1 was similarly measured prior to the supporting of manganese 
and cobalt and found to be 30 mA/mg-Pt. 

The atomic percents of the constituent metals of the alloy 
catalysts and platinum catalyst in the aforesaid working examples and 
comparative examples and the activity (mA/mg-Pt) thereof at 0.9 V are 
summarized in Table 1. 
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Key: a) working examples; b) comparative examples; c) supported 
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As is evident from Table 1, the activities of the alloy catalyst 
of the working examples of the present invention, which comprise 
platinum, manganese, and at least one of nickel and cobalt, are highe 
than those of the platinum-manganese alloy catalyst and the other 
catalysts that did not contain manganese — for example, higher than 
that of the catalyst containing only platinum by 20 mA/mg-Pt or more, 
higher than that of the platinum-manganese catalyst by 10 mA/mg-Pt or 
more, and higher than that of the platinum-containing ternary 
catalysts by several mA/mg-Pt. It can also be seen that the platinum- 
nickel-cobalt-manganese quaternary alloy catalyst, in particular, has 
a higher activity than those of the other working examples. 

Comparative Example 6 

After the carbon support obtained in Working Example 1, which 
supported a platinum-nickel-manganese alloy, was put in a vessel for 
carbonization use, it was carbonized for about 15 minutes while a 1:1 
mixture of nitrogen and methane was supplied into the vessel at a flo 
rate of 1 liter/minute and the internal temperature was maintained at 
750 to 770 °C. 

This carbonized ternary platinum alloy catalyst, as in Working 
Example 1, was incorporated into a half cell in a quantity of 0.5 mg 
platinum/cm 2 as the cathode of a hot phosphoric acid fuel cell, and 
its activity was measured under 1 atm at 190 °C and 900 mV at the 
oxygen electrode and found to be 48 mA/mg-Pt. 
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[Effects of the Invention] 

The platinum alloy catalyst pertaining to the present invention 
is a platinum catalyst alloy comprising a carbon support and (i) 
platinum, (ii) manganese, and (iii) at least one of nickel and cobalt 
that are supported on the carbon support (Claim 1) . 

This platinum alloy catalyst has a higher activity than platinum- 
manganese binary alloy catalysts and even a higher activity than 
platinum-nickel-cobalt alloy catalysts, which have a relatively higher /7 
activity among conventional platinum alloy catalysts, and it is 
especially effective when used as an electrode catalyst for fuel cell 
use. Its effects are prominent when each of the supported metals is 
within a certain percentage range (Claim 2) . 

The platinum alloy catalyst production process pertaining to the 
present invention is a platinum alloy catalyst production process 
comprising immersing a carbon support in a solution of platinum- 
containing ions, depositing platinum on the carbon support by reducing 
the platinum-containing ions with the use of a reducing agent, 
applying a solution of an organic acid amine salt of each of the 
following metals, manganese and at least one of nickel and cobalt, to 
the carbon support, and alloying these metals with the platinum on the 
carbon support (Claim 3) . 

This production process can yield multicomponent alloys that have 
a higher activity than platinum-manganese binary alloy catalysts and 
even a higher activity than platinum-nickel-cobalt alloy catalysts, 
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which have a relatively higher activity among conventional platinum 
alloy catalysts. Furthermore, because organic acid amine salts of 
manganese and the like are used, alloying of manganese and the like 
and the already supported platinum can be effected at a relatively low 
temperature, thus inhibiting the aggregation of the supported metals; 
as a conseguence, an alloy catalyst having a large surface area can be 
obtained. The organic acid amine used here is preferably amine formate 
or amine acetate due to their high availability (Claim 4.) 

Further, if a thiosulfate and/or metabisulf ite, which have a weak 
reducing power and contain sulfur atoms, is used as the reducing agent 
for the reduction of the platinum-containing ions in the aforesaid 
production process (Claim 5) , the particle size of the metals 
deposited on the carbon support becomes smaller, and supported metals 
having a more uniform particle size can be obtained, compared to the 
case of using a reducing agent having a strong reducing power, such as 
sodium borohydride or the like. Furthermore, these tendencies become 
more prominent because the growth-use nuclei, which are conjectured to 
be attributed to the sulfur atoms that are released in the reduction 
process, are formed and facilitate the growth of metal particles. 
Therefore, the catalytic metals formed on the carbon support make 
contact with a reaction substance over a large surface area; as a 
conseguence, the catalytic specific activity increases, and the 
aforesaid catalytic metals can be utilized efficiently. In addition, 
because the reducing power of the reducing agent is small, fine 
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crystal particles having fewer lattice defects are believed to be 
grown, thus exhibiting a higher resistance against the grain growth of 
the catalytic metals; consequently, the use life of the catalyst is 
dramatically extended. 
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